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ABSTRACT 




A dynamic prosthetic foot having variable cross section 
density. An ankle part diverges upwardly from a sole along 
a transverse parting line and includes a vertical part. A 
longitudinally extending slot divides the vertical part into a 
lateral pylon support and a medial pylon support. A lateral 
pylon connector is secured to the lateral pylon support and 
a medial pylon connector is secured to the medial pylon 
support. A second embodiment eliminates the pylon con- 
nectors and the lateral and medial pylon supports are elon- 
gated to provide lateral and medial pylons. High rigidity 
areas of the foot are formed of a high strength outer layer 
made with carbon reinforced composite and an inner layer 
made of a matrix within which is dispersed a plurality of low 
density hollow spheres. High stress areas of the foot are 
formed of carbon -rein forced composite throughout. 



7 Claims, 4 Drawing Sheets 
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FIG. 11 
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FIG. 13A FIG. 13B 




02/17/2004, EAST Version: 1.4.1 



US 6,66 

1 

VARIABLE CROSS SECTION PROSTHETIC 
FOOT WITH CARBON SPHERES 

BACKGROUND OF INVENTION 

1. Field of the Invention 

This invention relates, generally, to the art of prosthetics. 
More particularly, it relates to improvements in prosthetic 
feet. 

2. Description of the Prior Art 

The weight of a prosthetic foot is of paramount impor- 
tance in prostheses. The foot is the component of the 
prosthesis that is furthest from the center of rotation ie., the 
knee joint. 

The inertial resistance to changes of speed is directly 
proportional to the weight of any component but is propor- 
tional to the fourth power of the distance of any component 
from the center of rotation. Thus, the weight of the compo- 
nents that are farther away from the center of rotation is of 
much greater relevance than that of components that are 
closer to the center of rotation. For example, a reduction of 
one-tenth of a pound in the weight of a foot located fifteen 
(15) inches from a knee joint has the same effect on inertial 
resistance to changes in speed as a reduction of eight and 
one-tenths (8.1) pounds in the weight of a component five 
(5) inches from the knee joint. 

What is needed, then, is a dynamic prosthetic foot having 
less weight than the dynamic prosthetic feet of the prior art. 

Prosthetic feet have been made using carbon fibers in an 
epoxy matrix. Carbon -epoxy is a composite material with a 
very high strength to weight ratio, but not all sections of a 
prosthetic foot require the same flexural strength. Some 
sections are stressed much more than others. Moreover, not 
all sections of a prosthetic foot require the same rigidity. 
Some sections need to be more rigid than others and some 
sections need to be flexible. 

Another need therefore exists for a prosthetic foot that is 
made with carbon reinforced composite that has a variable 
cross section density so that the sections thereof that require 
rigidity are rigid and the sections thereof requiring flexibility 
are flexible. 

However, in view of the prior art considered as a whole 
at the time the present invention was made, it was not 
obvious to those of ordinary skill in the pertinent art how to 
provide a dynamic prosthetic foot having variable cross 
section density. 

SUMMARY OF INVENTION 

The long-standing but heretofore unfulfilled need for an 
improved dynamic prosthetic foot is now met by a new, 
useful, and nonobvious dynamic prosthetic foot that is 
light-in- weight and that is made with a carbon reinforced 
composite having a variable cross section density. 

The novel prosthetic foot includes a sole having an 
anterior, toe section and a posterior, heel section. An ankle 
part separates from the sole along a transverse parting line 
and includes a gradual upward bend and a vertically extend- 
ing part. 

A longitudinally extending slot divides the ankle part into 
a lateral pylon support and a medial pylon support. A lateral 
pylon connector is secured in trailing relation to the lateral 
pylon support and a medial pylon connector is secured in 
trailing relation to the medial pylon support. 

The lateral pylon support has a greater thickness and thus 
less resiliency than the medial pylon support so that exter- 
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nally imparted forces appearing on the lateral pylon support 
are transferred at least in part to the medial pylon support 
whereby a sound leg may oppose the transferred forces. 
A first convexity is formed in the sole and is adapted to 

5 perform a function like that of a ball of a natural foot. A 
second convexity is formed in the heel section, and said 
second convexity is adapted to perform a function like a 
bottom of a heel of a natural foot. A concavity is formed in 
the sole between the first and second concavities, and is 

10 adapted to perform a function like an arch of a natural foot. 
In a second embodiment, the pylon connectors are elimi- 
nated and the lateral and medial pylon supports are elon- 
gated so that they become lateral and medial pylons, respec- 
tively. They are about twenty inches (20") in length and are 

15 cut to length as required by a prosthetist when the novel foot 
is secured to a prosthetic socket. 

The sole in the region of the first convexity is formed of 
a high strength outer layer made with carbon reinforced 

20 composite and an inner layer made of a matrix within which 
is dispersed a plurality of low density hollow spheres. The 
sole in the region of the concavity is formed of carbon- 
reinforced composite throughout. 

An important object of this invention is to provide a 

25 prosthetic foot made with carbon reinforced composite 
having a variable cross section density. 

A more specific object is to provide a prosthetic foot 
where the sections of the foot that are subjected to high 
stress, such as the ankle and the anterior section, are formed 

30 of carbon-reinforced composite throughout their entire cross 
section. 

Another specific object is to provide a prosthetic foot 
where the sections of the foot that are not required to flex and 
that require high rigidity, such as part of the sole, the shin, 

35 and the upper part of the foot have a structure that includes 
a high strength outer layer made of carbon reinforced 
composite and an inner layer made in a matrix structure 
dispersed with low density hollow spheres such as carbon 
spheres or acrylonitrile spheres. 

40 These and other important objects, advantages, and fea- 
tures of the invention will become clear as this description 
proceeds. 

The invention accordingly comprises the features of 
45 construction, combination of elements, and arrangement of 
parts that will be exemplified in the description set forth 
hereinafter and the scope of the invention will be indicated 
in the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

50 

For a fuller understanding of the nature and objects of the 
invention, reference should be made to the following 
detailed description, taken in connection with the accompa- 
nying drawings, in which: 
55 FIG. 1 is a top plan view of a prosthetic foot with variable 
cross section density; 

FIG. 2 is a side elevational view thereof; 

FIG. 3 is a perspective view thereof; 

FIG. 4 is a sectional view taken along line 4 — 4 in FIG. 

60 2; 

FIG. 5 is a sectional view taken along line 5 — 5 in FIG. 

2; 

FIG. 6 is a top plan view of a second embodiment of the 
65 prosthetic foot; 

FIG. 7 is a side elevational view of said second embodi- 
ment; 
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FIG. 8 is a perspective view of said second embodiment; Bracketed area 42 in FIG. 2 is a high stress area. It is 

FIG. 9 is a sectional view of said second embodiment preferably made of a carbon reinforced composite 

taken along line 9—9 in FIG. 8; throughout, such as a carbon yarn 44 (FIG. 5) in epoxy 

FIG. 10 is a sectional view taken along line 10—10 in matrices 46. Other areas of foot 10, such as ankle part 14 and 

FIG. 8 of said second embodiment; " 5 me anterior P^ 1 of sole 12 ma y also be formed of such 

FIG. 11 is a perspective view of the elongate pylons carboD reinforced composite, 

embodiment when attached to a socket; FIGS. 6-10 depict a second embodiment where pylon 

FIG. 12 is a perspective view of the elongate pylons connectors 31, 33 are eliminated and where pylon supports 

embodiment and further depicting connector means, in 30, 32 are elongated into lateral pylon 30a and medial pylon 

exploded form, for connecting said elongate pylons to a 32 *> respectively. Pylon supports 30a, 32a are about twenty 

socket* inches (20") in length and are cut to size as needed by a 

FIG. 13A is an exploded first perspective view of said Panelist when securing the uppermost endsof said pylons 

connector means; to a prostheUc socket. 

FIG. 13B is an exploded second perspective view of said 15 FIG - 11 de P icls the novel structure when equipped with 

connector means elongate pylons 30a, 32a and when the respective upper- 

FIG. 13C is a first perspective view of a pyramid- mc f ends of said pylons have been secured to prosthetic 

receiving connector; and socket 48. 

FIG. 13D is a second perspective view of said pyramid- After pylons 30a, 32a have been cut to a desired length, 

receiving connector. 20 a prosthetist has several options by which the pylons may be 

connected to prosthetic socket 48. Pylons 30a, 32a may be 

DETAILED DESCRIPTION laminated into prosthetic socket 48 as illustrated in said FIG. 

Referring to FIGS. 1-3, it will there be seen that the 11. This forms a permanent connection between pylons 30a, 

reference numeral 10 denotes an illustrative embodiment of 32a and socket 48. 

the novel dynamic prosthetic foot. 25 a second option includes the use of a commercially 

Prosthetic foot 10 includes a sole 12, an ankle part 14 that available pyramid connector 50 as depicted in FIG. 12. Such 

separates from sole 12 at transverse parting line 16, and a pyramid connectors have been in use for fifty or so years, 

heel 18 that is formed integrally and is substantially coplanar Pyramid connector 50 includes upper part 52 and lower part 

with sole 12. Transverse parting line 16 is about mid-length 54 that depends from the upper part. Upper part 52 is 

of foot 10, being a little closer to the heel/posterior end 30 attached to the lowermost or distal end of socket 48. A 

thereof than the toe/anterior end thereof. hollow pyramid-receiving connector 56 has an open upper 

Concavity 20 is formed about mid-length of sole 12 and end 58 that receives lower part 54 of pyramid connector 50 

performs a function corresponding to the arch of a natural and an open lower end 60 that receives the respective 

foot. Convexity 22 is formed about mid-way between con- uppermost ends of pylons 30a, 32a. Lower end 54 of 

cavity 20 and the toe end of foot 10 and performs a function pyramid connector 50 and the respective upper ends of 

corresponding to the ball of a natural foot. Second convexity pylons 30a, 32a are captured in said hollow pyramid- 

24 is formed in heel 18 and performs a function correspond- receiving connector 56 by a plurality of set screws and other 

ing to the bottom of a heel of a natural foot. suitable fastening means, collectively denoted 62. Pyramid 

Ankle part 14 includes a first upwardly-turned (with Q connector 50 and pyramid-receiving connector 56 are 

respect to sole 12) gradual bend 25 and vertically extending employed to enable adjustment of the angle of pylons 30a, 

p art 26. 32a so that prosthetic foot 10 falls in the correct medial/ 

A longitudinally extending slot 28 divides vertically lateral and anterior/posterior planes, as perhaps best under- 
extending part 26 into lateral pylon support 30 and medial stood b V makin S reference to FIGS. 11 and 12. 
lateral support 32. Slot 28 extends from a free end of ankle 45 A third option available to the prosthetist after cutting 
part 14 to a preselected point slightly anterior to vertically pylons 30a, 32a to their correct length is to laminate the 
extending part 26. pylons to an unillustrated component and to attach that 

Lateral pylon connector 31 is secured by suitable means component to the socket, 
to a trailing side of lateral pylon connector 30 and medial FIGS 13A and 13fi provide a more detailed perspective 
pylon connector 33 is secured by suitable means to a trailing 50 yiew of pyramid connect or 50 and pyramid-receiving con- 
side of medial pylon connector 32. DectQr 56 F[GS 13C and 13D proyide a more 

Lateral pylon support 30 is a little thicker and thus less perspective view of pyramid-receiving connector 56. Parti- 
flexible than medial pylon connector 32 as indicated in all don wall 59 div i des open lower end 60 of pyramid-receiving 
FIGS. 1-3, with the desirable result that externally imparted connec tor 56 into compartments 60a, 60b for receiving 
forces are transferred from the lateral side of prosthetic foot 55 pylons 30a, 32a, respectively. 
10 to the medial side thereof as is the case in a natural foot. 

This directs such forces toward the natural leg of the 11 win lhus be seen lhal tne ob J ecls forlh above ' and 
prosthetic foot user " mose made apparent from the foregoing description, are 
Bracketed area 34 in FIG. 2 is a high rigidity area because efficiently attained. Since certain changes may be made in 
it is not required to flex. This area is preferably made of a 60 * e above .attraction without departing from the scope of 
high strength outer layer made of carbon reinforced com- ? e ">venlion, « is intended that all mallets contained in the 
posite such as carbon yarn 36 (FIG. 4) and an inner layer fore 8°' n 8 description or shown in the accompanying draw- 
made of a matrix 38 that is dispersed with low-density ,n S s sha11 be ""etpreted as illustrative and not m a limiting 
hollow spheres 40 such as carbon spheres or acrylonitrile sense - 

spheres. Others areas of foot 10, such as part of sole 12 and 65 It is also to be understood that the following claims are 

ankle 14 may also be formed of such carbon yarn 36, matrix intended to cover all of the generic and specific features of 

38, and hollow spheres 40. the invention herein described, and all statements of the 
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scope of the invention that, as a matter of language, might 
be said to fall therebetween. 

Now that the invention has been described, 
What is claimed is: 

1. A dynamic prosthetic foot, comprising: 

a sole having an anterior, toe section and a posterior, heel 
section; 

an ankle part that separates from said sole along a 

transverse parting line; 
said ankle part including a gradual upward bend and a 

vertically extending part; 
a longitudinally extending slot that divides said vertically 

extending part into a lateral pylon support and a medial 

pylon support; 
a concavity formed in said sole about mid- way between 

said heel and toe of said dynamic prosthetic foot, said 

concavity adapted to function like an arch of a natural 

foot; 

a first convexity formed in said sole between said first 
concavity and a toe end of said dynamic prosthetic foot, 
said first convexity adapted to function like a ball of a 
natural foot; 

a second convexity formed in said heel section, said 
second convexity adapted to function like a bottom of 
a heel of a natural foot; 

said sole in the region of said second convexity being 
formed of a high strength outer layer made with carbon 
reinforced composite and an inner layer made of a 
matrix within which is dispersed a plurality of low 
density hollow spheres; 

said sole in the region of said concavity being formed of 
carbon-reinforced composite throughout; 

a lateral pylon connector, adapted for connection to a 
lateral pylon, secured to a trailing side of said lateral 
pylon support and a medial pylon connector, adapted 
for connection to a medial pylon, secured to a trailing 
side of said medial pylon support; 

said lateral pylon support having a greater thickness and 
thus less resiliency than said medial pylon support so 
that externally imparted forces appearing on said lateral 
pylon support are transferred at least in part to said 
medial pylon support whereby a sound leg may oppose 
said transferred forces. 

2. The dynamic prosthetic foot of claim 1, wherein said 
transverse parting line is approximately half way between a 
toe end of said sole and a heel end of said sole. 
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3. A dynamic prosthetic foot, comprising: 
a sole having an anterior, toe section and a posterior, heel 
section; 

an ankle part that separates from said sole along a 
5 transverse parting line; 

said ankle part including a gradual upward bend and a 

vertically extending part; 
a longitudinally extending slot that divides said vertically 
10 extending part into a lateral pylon and a medial pylon; 
a concavity formed in said sole about mid- way between 

said heel and toe of said dynamic prosthetic foot, said 

concavity adapted to function like an arch of a natural 

foot; 

15 a first convexity formed in said sole between said first 
concavity and a toe end of said dynamic prosthetic foot, 
said first convexity adapted to function like a ball of a 
natural foot; 

a second convexity formed in said heel section, said 
20 second convexity adapted to function like a bottom of 
a heel of a natural foot; 
said sole in the region of said second convexity being 
formed of a high strength outer layer made with carbon 
25 reinforced composite and an inner layer made of a 
matrix within which is dispersed a plurality of low 
density hollow spheres; 
said sole in the region of said concavity being formed of 
carbon-reinforced composite throughout; 
30 said lateral pylon having a greater thickness and thus less 
resiliency than said medial pylon so that externally 
imparted forces appearing on said lateral pylon are 
transferred at least in part to said medial pylon whereby 
a sound leg may oppose said transferred forces. 
35 4. The dynamic prosthetic foot of claim 3, wherein said 
transverse parting line is approximately halfway between a 
toe end of said sole and a heel end of said sole. 

5. The dynamic prosthetic foot of claim 3, wherein said 
lateral and medial pylons are laminated at respective upper- 

40 most ends thereof to a prosthetic socket. 

6. The dynamic prosthetic foot of claim 3, wherein said 
lateral and medial pylons are connected at respective upper- 
most ends thereof to a connector member and wherein said 
connector member is laminated to a prosthetic socket. 

45 7. The dynamic prosthetic foot of claim 6, wherein said 
lateral and medial pylons are connected at respective upper- 
most ends thereof to a pyramid-receiving connector that 
engages a pyramid that depends from said prosthetic socket. 

* * * * * 
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